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Optical Follow-up of New SMC Wing Be/X-ray Binaries 
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ABSTRACT 

We investigate the optical counterparts of recently discovered Be/X-ray binaries in the Small 
Magellanic Cloud. In total four sources, SXPlOl, SXP700, SXP348 and SXP65.8 were de- 
tected during the Chandra Survey of the Wing of the SMC. SXP700 and SXP65.8 were pre- 
viously unknown. Many optical ground based telescopes have been utilised in the optical 
follow-up, providing coverage in both the red and blue bands. This has led to the classifica- 
tion of all of the counterparts as Be stars and confirms that three lie within the Galactic spectral 
distribution of known Be/X-ray binaries. SXPlOl lies outside this distribution becoming the 
latest spectral type known. Monitoring of the Ha emission line suggests that all the sources 
bar SXP700 have highly variable circumstellar disks, possibly a result of their comparatively 
short orbital periods. Phase resolved X-ray spectroscopy has also been performed on SXP65.8, 
revealing that the emission is indeed harder during the passage of the X-ray beam through the 
line of sight. 

Key words: X-rays: binaries - stars: emission-line. Be - Magellanic Clouds. 



1 INTRODUCTION 

Over the past 10 years the number of known high-mass X-ray bina- 
ries (HMXBs) located in the Small Magellanic Cloud (SMC) has 
been steadily increasing. There are no w approximately 50 such sys- 
tems known in the SMC l lCoe et al] 2005). Until recently the ma- 
jority of X-ray observations by Chandra, XMM-Newton and RXTE 
have concentrated on the Bar, since the la rge fraction of HMXBs 
are located in this region. ICoe et af] ( |2005|) analysed the locations 
of the known X-ray pulsars and believed there to be a relation- 
ship between the HI intensity distribution and the distribution of 
the pulsars. This prompted a large survey of the wing of the SMC 
using Chandra. A total of 20 individual pointings were made of ap- 
proximately lOks each. The survey was successful in finding two 
new pulsars (SXP65.8 and SXP700) and detecting two previously 
known pulsars (SXPlOl and SXP348). Due to Chandra's high spa- 
tial resolution the counterparts to all four sources were identified 
(SXP348's being previously known). Table [T] shows the positions 
and V band magnitudes of the counterparts to the detected pul- 
sars. A m ore detailed description of the survey can be found in 
iMcGowan et a l. (2007). In order to evaluate where these new pul- 
sars lie in relation to the Galactic spectral distribution of Be/X-ray 
binaries we need to classify the counterparts. This paper reports the 
follow-up optical observations of these systems. 



2 OPTICAL DATA 

Since the Chandra observations were completed in March 2006 
a number of telescopes have been used for the optical follow-up. 
Table 2 presents a list of the data collected for each of the sources. 
The telescope configurations and reduction processes used are as 
follows: 

• AAT - 3.9m telescope, Anglo-Australian Observatory, Aus- 
tralia. The AAOmega optical spectrograph was used. It is fed by 
the 2 Degree Field (2dF) robotic fibre positioner covering a 2 de- 
gree field at prime focus with 392 fibres. Each observation consists 
of three 1800 s exposures made on 31 August 2006. The data re- 
duction was performed using the latest 2dfdr package version 3.46. 
All traces were extracted using a tram line optimisation. The spec- 
tra were then corrected for the detector response and then the red 
and blue arms were scaled and stitched together by forcing them to 
meet at 5900A allowing the complete range to be viewed, this was 
all performed using tasks within the AAT package. The red arm has 
a dispersion of 1.5 A/pixel and the blue of 1.03 A/pixel. The total 
wavelength range covered is approximately 3700A-8800A. There 
are several bad columns in the AAT CCD. These columns have 
been removed and appear as spaces in the spectra. 

• SALT -11m Southern African Large Telescope, SAAO, South 
Africa. The Robert Stobie Spectrograph was used in conjunction 
with two gratings in long slit mode. 
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Blue : 2300 1/mm grating at an angle of 30.125°. This gives 
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Table 1. New HMXBs in the Wing 



SXP ID 


X-ray and Optical Names 


Coordinates 




VMag 


Classification 


SXPlOl 


RX J0057.3-7325. MACS J0057-734 10 


00:57:27.08 


-73:25:19.5 


14.9' 


B3-B5 Ib-II 


SXP700 


CXOUJ010206.6-714115, [MA93] 1301 


01:02:06.69 


-71:41:15.8 


14.6^ 


B0-B0.5 III-V 


SXP348 


SAX J0103.2-7209, [MA93] 1367 


01:03:13.94 


-72:09:14.4 


14.8^ 


B0-B0.5 III-V 


SXP65.8 


CXOUJ010712.6-723533, [MA93] 1619 


01:07:12.63 


-72:35:33.8 


15.0' 


B1-B1.5 II-III 



iMcGowan etal] i2007h. ^Massevl i2002l), faughes & Smitlj il994h 



800 






6400 6500 6600 6700 5800 

Wavelength (A) 

Figure 1. Ho- spectra of SXPIOI. Spectra dates top to bottom: 07 Sep 2004, 
31 Aug 2006, 10 Nov 2006. 



a dispersion of 0.34 A/pixel and a wavelength range of approxi- 
mately 3800A-4880A. 

~ Red : 18001/mm grating at an angle of 36.5°. This gives 
a dispersion of 0.40A/pixel and a wavelength range of approxi- 
mately 5930A-721 OA. 

The SALT detectors consist of three chips aligned along the dis- 
persion axis each separated by a small gap (evident in the spec- 
tra). Full data reduction and mosaicking of the three chips were 
performed using the SALT IRAF pipelines and the standard IRAF 
packages in version 2. 12. 1 provided by the NOAO. No flux calibra- 
tion has been made. 

• ESO - 3.6m telescope, La Silla, Chile. The EF0SC2 faint ob- 
ject spectrograph was used combined with a grism with 600 1/mm. 
The data reduction was performed using standard IRAF packages. 
The spectra have a dispersion of 1.99 A/pixel and a wavelength 
range of approximately 3080A-5100A, although the useful range 
is only from 3700A. 

• SAAO - 1.9m telescope, SAAO, South Africa. The unit spec- 
trograph was used combined with a 1200 1/mm grating and the SITe 
detector. Data reduction was performed using standard IRAF pack- 
ages. The dispersion of the spectra is fairly consistent over the years 
since the same set up has been used, approximately 0.43A/pixel. 
The wavelength range has varied slightly due to small changes in 
the grating angle, the wavelength range covered in all spectra is ap- 
proximately 6230A-6970A. A few cosmic rays have been removed 
by hand. 

All the spectra except for those from ESO (due to their lower 
resolution) have been smoothed with a boxcar average of 5. An 
arbitrary offset has been applied to some of the spectra to allow 
visual comparisons of the spectral lines. 



3 OBSERVATIONS 

3.1 Classification Method 

Spectral classification of Be stars in the SMC is particularly dif- 
ficult. Classification of Be s tars in the Galaxy relies on u sing the 
ratios of many metal lines jWalbom & FitzpatrickllT990l) . unfor- 
tunately the metallicity of SMC stars is lower than those in the 
Galaxy and so these metal lines appear extremely weak and are 
often not present. There is also the added difficulty that the Balmer 
lines in particular will be rotationally broadened and hence obscure 
any comparisons to neighbouring lines. Other difficulties are added 
when we consider the effect of the circumstellar disk. We often get 
Ha emission originating from the circumstellar disk but we can also 
see the circumstellar disks effect on the higher order balmer lines 
though in-filling. As a result we use the classification criter ia and 
methods as set out bv lLennonI jl997h and lEvans et alj j2004h . 

For the luminosity cl assification we have adopted the classi- 
fication method set out in IWalbom & Fitzpatrickl ( fl990b . however 
since this method relies on line ratios we face all the same diffi- 
culties as previously mentioned. We have also performed a check 
on this luminosity classification by comparing the absolute magni- 
tude of the source in the V-band with the spectral classification ob- 
tained. Here we have adopted a distance modulus for the SMC of 
18.9 (Harries et al. 2003) and we use the relevant tables in Wegne3 
( I2OO6I) . These tables are based on absolute magnitudes from HIP- 
R\RCOS data. Although the luminosities of Be stars in the SMC 
may differ somewhat to those in the Milky Way we have adopted 
this method as a check and recognise that in some cases the results 
obtained may be uncertain. 

3.2 SXPlOl 

This source was detected by both ROSAT (RX J0057.3-7325) aii d 
ASCA (AX J0057.4-7325; iKahabka et alj|l999l : Ifbrii et alj|2000l) . 
Coherent pulsations were first detected in the ASCA data at a period 
of 101.45 ± 0.07 s. The resultant overlapping error ci rcles allowed 
for some counterparts to be tentatively assigned jEdge & Cod 
2003). T he detection of pulsatio ns at 101.16 + 0.26 s in the Chan- 
dra data jMcGowan et alj|2007h has allowed the counterpart to be 
clearly ident i fied as the source previously la belled E in Figure 3 o f 
lEdge &Cod ( |2003|) . MACS J0057-734 10 jTucholke et al]|l996h . 
This source had first been identified as a possible counterpart in 
January 2000 due to its r-Ha colour revealing an excess of Ho-. 
Subsequently this source was observed 4 years later in 2004 us- 
ing the 1.9m SAAO telescope, two spectra taken on the night have 
been co-added and are shown in Figure [T] We can clearly see the 
Ho- line to be in absorption, hence the source was not considered to 
be a prime candidate. Strangely the AAT spectrum (Figure[TJ shows 
neither absorption or emission in Yla. In fact it is perfectly filled in. 
Curiously the higher order Balmer lines in the AAT spectrum (Fig- 
ure|2l(, show no signs of infilling, they are all clearly in absorption 
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Table 2. Observations 



SXP ID 


Telescope 


Date 


Exposure Time (s) 


Hff EW (A) 


H/3 EW (A) 


SXPlOl 


SALT Red 












SALT Blue 


10 Oct 2006 


450 




0.0 ± 0.7 




ESO 


14 Sep 2006 


2400 




1.1 ±0.2 




AAT 


3 1 Aug 2006 


5400 


0.2 ± 0.3 


4.7 ± 0.3 




SAAO 


07 Sep 2004 


2x1000 


1.7 ± 0.2 






SAAO 


10 Nov 2006 


2x1500 


-2.9 ± 0.5 




SXP700 


SALT Red 


15 Oct 2006 


600 


-13.4 ± 0.1 






SALT Blue 


16 Oct 2006 


600 




-1.0 ± 0.1 




ESO 


1 3 Sep 2006 


2400 




-0.7 ± 0.1 




AAT 


31 Aug 2006 


5400 


-13.4 ±0.2 


-0.8 ± 0.2 




SAAO 


10 Nov 2006 


1800 


-12.9 ± 0.4 




SXP348 


SALT Red 
SALT Blue 












ESO 


14 Sep 2006 


1800 


- 


0.3 ±0.2 




AAT 












SAAO 


12 Sep 2004 


2500 


-8.7 ±0.9 






SAAO 


30 Oct 2005 


1000 


-2.9 ± 0.6 






SAAO 


08 Nov 2006 


1200 


-6.3 ±0.5 




SXP65.8 


SALT Red 
SALT Blue 












ESO 


13 Sep 2006 


2000 




1.2 ±0.1 




AAT 


31 Aug 2006 


2x5400 


-21.3 ±0.3 


0.9 ± 0.2 




SAAO 


13 Nov 2006 


1800 


-13.5 ±0.6 





8000 



7000 — 



6000 — 
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Figure 2. AAT spectra taken on 31 Aug 2006. Top to bottom: SXPlOl, SXP65.8, SXP700, (smoothed with gaps for dead pixels). 
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Figure 3. ESO blue spectra taken on 14 Sep 2006. Top to bottom: SXP700, SXP348, SXPlOl, SXP65.8 (no smoothing). 



with no peculiar features. A third red spectrum (Figure[T]( was taken 
recently at SAAO in November 2006. Two spectra were taken con- 
secutively and have been co-added to increase the signal to noise. 
The Ha profile now appears to be slightly in emission, suggesting 
its Be nature. There have been several observations of the HyS emis- 
sion line during the last few months of 2006 (Figure|2l[3]|ll(. These 
observations appear to show that in the course of little more than 
one month the line has completely filled itself in. 

Classification has been made using blue spectra taken by AAT, 
ESO and SALT (Figures[2l[3]|4j. The counterpart is extremely dif- 
ficult to classify due to a severe lack of metallic lines. No Hell 
lines are visible hence the counterpart must be Bl or later jLennonI 
[1993). There is some evidence for the presence of the Oil 4640- 
50A band in the SALT spectra however it seems to be lacking in the 
other spect ra. Compari s on of all three spectra with those given in 
Figure 4 o f lEvans et alj ( l2004l) would seem to place the counterpart 
in a broad spectral range of B 1-B5. Mgll 4481 A is possibly present 
in all three spectra in particular the SALT and AAT ones, however 
the resolution of the ESO spectra is not sufficient to deblend the 
line from the neighbouring Hel line. If the presence of this line is 
to be believed, then combined with the lack of Silll 4553A allows a 
lower classification limit of B3 to be made ( lLennorJll997h . Visable 
in the AAT spectra is the Sill blend of 4128/4132A and Hel line at 
4 143 A. Hel 4121 A is possibly visible on the red shoulder of the H(5 
line. However, it is heavily obscured and cannot be used for classi- 
fication. T he ratio of Sill to H el line would suggest a classification 
around B8 tevans et al.l2004t) . This line ratio is not seen in the ESO 



spectra, in fact Sill is barely seen and the Hel line appears strongly 
suggesting a classification more like B5. A classification range of 
B3-B5 would agree with the Balmer lines appearing very broad and 
deep which is typi cal of a mid range Be star. The luminosity classi- 
fication method of lWalborn & Fitzpatrickl ( ll99(]|) only goes as far as 
classifying B2 stars, hence we will only use the estimate from the 
V-band magnitude. We would estimate the luminosity class to be 
about Ib-II from Table 10 presented in Wegner (2006). A luminos- 
ity class of Ib-II would make the counterpart a supergiant and not a 
Be star. This luminosity classification should be treated cautiously 
due to the methods used. 



3.3 SXP700 

SXP700 is one of the new pulsars detected on 06 February 2006 
in the SMC w ing survey. The Chandra source is coincident with 
[MA93] 1301 jMevssonnier & AzzoDardilll993h . Three red follow 
up spectra taken within a few months of each other by SALT, AAT 
and SAAO reveal the counterpart star to have a very strong Ho- 
line in emission (Figure|5l(. This strongly suggests the identification 
of this object as a Be/X-ray binary. The three observations were 
roughly spaced a month apart from each other. It can be seen in 
Table [2] that the equivalent width of Ho- has barely changed over 
the course of these observations indicating that the circumstellar 
disk was in a fairly stable state. 

Classification of the counterpart has been possible through the 
three blue spectra taken by AAT, ESO and SALT (Figures H ID E}. 
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Figure 4. SALT blue spectea of SXP700 (16 Oct 2006) and SXPlOl (10 Oct 2006) (chip gaps are clearly visible). 



Weak Hell at 4686A can be seen in al l the sp ectra; using the clas- 
sification guide set out by Ie vans et alj l l2004h we can immediately 
place this object as earlier than Bl. No other Hell lines are visable 
in either the AAT or SALT spectra however, Hell 4200A is present 
in the ESO spectra. This combined with the lac k of Hell 4541 A al - 
lows the classification of BO-BO. 5 to be made jEvans et al.ll2004h . 
H/3 can also be seen to be strongly in emission in all three blue 
spectra. A luminosity classification can be made by comparing the 
ratio of SilV 4089A to both Hel 4026A and 4144A. The ESO spec- 
tra shows strong Hel lines compared with slight evidence of SilV 
in the blue shoulder of the H5 line. Using the ratio of these line s 
results in a luminosity class of V jWalbom & FitzDatricklll990h . 
Using the method based upon the V-band magnitude yields a clas- 
sification of III-V. 



3.4 SXP348 

This is the only detected pulsar from the Chandra Wing sur- 
vey with a previously known counterpa rt. It was first detected 
by BeppoSAX in 1998 dlsrael et al] 1 19981) with a pulse period of 
345.2 ±0.1 s. T he Chandra source is coincident with [MA93] 1367 
I Mevssormier & Azzopar^ 1 19931) . a Be star Hughes & SmithI 
Il994l : llsraeleral.l ll998). Spectra taken in 2004 and 2005 by the 
1.9m SAAO telescope (Figure |6l( show that the Ho- line has been 
varying over recent years. In 2004 the line was strongly in emis- 
sion with a small second peak on its red shoulder, just over a year 
later in 2005 the line appears to have dropped in strength and dis- 
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Figure 5. Ho- spectra of SXP700. Spectra dates top to bottom: 31 Aug 2006, 
15 Oct 2006, 10 Nov 2006 (this spectrum has been scaled to allow the com- 
parison of the Ha profile). 



plays a shell profile. A recent spectrum (Figure [Sjl taken on 08 
November 2006 shows Ho- to be back in emission, this time with a 
slightly more prominent feature on the red shoulder making it ap- 
pear more double peaked. The ESO spectrum (Figure[3]l taken near 
to this most recent red spectrum shows the H^fl line to be largely 
filled in with an emission peak at its centre. The Ho- profile has 
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Figure 6. Ho- spectra of SXP348. Spectra dates top to bottom: 12 Sep 2004. 
30 Oct 2005, 08 Nov 2006. 
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Figure 7. Ha spectra of SXP65.8. Spectra dates top to bottom: 31 Aug 
2006, 13 Nov 2006 (this spectrum was scaled to allow the comparison of 
the Ha profile). 



also shrunk in size quite dramatically since it was observed in 1992 
( lHughes&Smiti]|l994h , they report an equivalent width of -22A 
however they did not note anything about the physical shape of the 
emission. The Hy6 line has also reduced in size since 1992, where 
they reported an equivalent width of -1.7 A. 

From the ESO spectra (Figure[3j we can see a strong Hell line 
at 4686A; this firmly restricts the spectral class to earlier than Bl. 
Further constraints can be made based on the presence of very weak 
Hell at 4541A and 4200A in the ESO spectra. A spec tral classifi- 
cation of BO-BO. 5 can be placed on this counterpart tevans et"ail 
l2004h . T his agrees with the spec tral range of 09-B 1 (V-III) deter- 
mined in lHughes & Smiti] ( ll994h . where they estimate the spectral 
class to around BO based on the strength of Hel 4471 A relative to 
its neighbour Mgll 4481 A. The presence of Hell 4686A was un- 
certain in their spectrum due to a flat fielding correction. Using the 
same Hel and SilV lines in the ESO spectrum for the luminosity 
classification as used for SXP700 yields a very similar situation, 
strong Hel lines and a moderate bump representing SilV on the 
shoulder of US. Using this ratio a lu minosity classification of V 
is made jWalborn & Fitzpatricklll990 l). this is consistent with the 
range of III-V estimated from the V-band magnitude. 



3.5 SXP65.8 

3.5.1 Optical 

SXP65.8 is the second of the new pulsars detected in 
the SMC wing survey on 10 February 2006. The Chandra 
source is coincident with the em ission line star [MA93] 1619 
dMevssonnier & Azzopardil Il993 l). Follow-up red spectra were 
taken by SAAO and AAT (Figure|7]l. The counterpart was observed 
twice with the AAT on the same night, roughly one hour apart. 
Each observation was 5400s long. Since these spectra are both of 
high quality and show no astrophysical difference we have only in- 
cluded one of them here. The strong Ho- emission line present in 
the AAT spectra strongly suggests that the counterpart is indeed a 
Be/X-ray binary. In the few months between the AAT and SAAO 
spectra the Hor line has significantly modified its profile to a dou- 
ble peaked structure. This would indicate that the circumstellar disk 
has shrunk in size and now the absorption in the stellar photosphere 
is becoming a more dominant effect. 

The classification for this counterpart has been based on AAT 
and ESO blue spectra (Figures |2] |3]l. Clear Oil absorption bands 
visible at 4640-50A, 4415- 17A and 4070Aare present in both spec- 
tra, the Hell lines have also completel y disappeared. Th ese allow 
a classification of B1-B3 to be made jEvans et al.ll2004h . Several 
silicon lines can help to refine the classification. The presence of 
a strong Silll 4553A line in the AAT spectrum is dubious since it 
falls on a dead pixel, however, the continuum does appear to take 
a strong dip just before and then rise just after as if the line were 
present. Also visible in the AAT spectrum is weak SilV 4088Aand 
Sill 4132A. The ESO spectra confirms the presence of Silll and 
Sill, however SilV only appears as a slight bump on the shoulder 
of H(5. There is the possibility of very weak Mgll 448 1 A absorption 
seen on the shoulder of the Hel line in the ESO spectra. Compar- 
ing the s trengths of Sil ll to Mgll we can place the object as earlier 
than B2 jUermo r] ll997h . Using the detections of the other lines we 
can also say that Oil is stronger than SilV 4088A and hence refine 
the classification to B1-B1.5. SilV 4116A is unresolvable in both 
spectra due to the width of the H(5 feature. We can not be certain of 
its presence or absence, hence a final classification of B1-B1.5 is 
made. There are also notable Fell lines in absorption at 4924A and 
5018A. Using the ratio of Silll to Hel 4387A we can make a lu- 
minosity classification of II-III (Walborn & Fitzpatrick 1990:") this 
agrees with that obtained using the magnitude method. 

3.5.2 X-ray 

Using Chandra data (for more details see iMcGowan et al. I l2007h 
we have extracted phase resolved spectra for SXP65.8 using 
CIAO v3.4 standard tools. The spectra were regrouped by re- 
quiring at least 10 counts per spectral bin. The subsequent spec- 
tral fitting and analysis were performed using XSPEC vl2.3.0. 
A phase binned light curve was created (Fig ure [8) based on 
MJD 53776.82172 and a pulse period of 65.78s jMcGowan et all 
|2007|) . The two phase binned spectra were extracted using the phase 
ranges 0.0-0.5 and 0.5-1.0. We fitted each of these with an absorbed 
power law, and fi xed the column density at the value for the SMC 
of 6 X 10 cm jPickev & Lockmaj|l99(il) . The low phase spec- 
trum is well fit with a F = 0.34 ± 0.08 with a reduced = 0.85, 
and the high phase spectrum is well fit with F = 0.52 ± 0.10 with 
a reduced = 1.42. These values are consistent right at the ex- 
tremes of their errors. However, they would also seem to indicate 
that the pulsed emission from the beam is harder than the persis- 
tent emission. The pulse fraction has been calculated for both soft 



© 2007 RAS, MNRAS 000,[T](9] 



Optical Follow-up of New SMC Wing BePC-ray Binaries 7 



o 
o 



350 



300 



250 - 



200 



1 50 



1 00 




1 .0 



Figure 8. Pulse profile for SXP65.8 in the energy range 0.5-8.0 keV. 



and hard energy bands (0.5-2.0 keV and 2.0-8.0 keV respectively). 



The values were calculated by taking (F„, 



^ min) I max ^niin) 



where F,„a j and F„„„ are the maximum and minimum points of 
the folded light curve for each energy band. PFs = 34 ± 9 % and 
PFh = 43 ± 6%. The values are both co nisitant within errors and 
with the value in iMcGowan et al] ( l2007t) . This is probably due to 
the lack of soft counts. 



4 DISCUSSION 
4.1 SXPIOI 

The identification of the correct counterpart to SXPlOl has finally 
enabled its identification as a Be/X-ray binary. The Ha and Hy8 line 
profiles provide strong evidence to suggest that the circumstellar 
disk is an extremely variable component of the system. The most 
recent observations made at the end of 2006 suggest that the cir- 
cumstellar disk has recently grown in size. Interestingly the HyS line 
has shown some considerable variation over the course of a few 
months. Figure|2]clearly shows all the Balmer lines to be deep and 
well defined including HyS; 14 days later and the Hy6 line has con- 
siderably changed and is almost totally filled in with the remaining 
Balmer lines showing no change (Figure[3)- This would agree with 
the Ho- observations which show that over approximately the same 
time scale the Ho- line has gone from being filled in completely to 
slightly in emission. These recent observations provide strong evi- 
dence to suggest that the circumstellar disk is an extremely variable 
object. The apparent lag of the ¥i/3 line with respect to Ho- could be 
evidence of the emission originating from a difi"erent part of the cir- 
cumstellar disk than the Ho-. This could be due to temperature or 
density changes. Further modelling of the circumstellar disk struc- 
ture would be needed to confirm this. 

The classification of B3-B5 is also potentially very interesting 
since it would make this Be/X-ray binary one of the latest types 
to have been found. Comparing the spectral ty pe of SXPlOl wit h 
the spectral distribution found in the Galaxy l lNegueruel3 1 1998h . 
clearly shows that SXPlOl would lie on its own, becoming the lat- 
est spectral type found. McBride et al. (2007, in preparation) will 
present full spectral classifications and analysis of all the Be/X-ray 
binaries in the SMC where the counterparts are known. This work 
will help in understanding any potential differences between the 
spectral distribution in the SMC and the Galaxy. 



4.2 SXP700 

The presence of a strong Ho- emission line and a classification of 
BO-BO. 5 clearly places this Be/ X-ray binary right in the centre of 
the Galactic spectral distribution ( lNegueruelill998h . The unchang- 
ing equivalent widths of the Ho- line (Table |2j suggests that the 
circumstellar disk was in a fairly stable state. A n orbital period 
of 26 7.38 ± 15.10 d was found in OGLE III data dMcGowan et al.l 
l2007h . This period is entirely cons istent with that predicted from 
the Corbet diagram ( ICorbetiri986h for a 700 s pulsar. Assuming 
SXP700 only goes into outburst everytime the neutron star passes 
through periastron then we would only expect outbursts approxi- 
mately every 9 months. For such long intervals where no accre- 
tion is taking place the circumstellar disk would have ample time 
to grow to a stable state. Our observatio ns taken during the or - 
bital phase range 0.41-0.68 (see Figure 6. ^McGowan et al.ll2007h . 
show that over approximately one quarter of this orbital period 
the circumstellar disk has remained stable. This could be indica- 
tive of a stable truncated circumstellar disk at its maximum equiv- 
alent width, si milar to the stab le circumstella r disk observed in 
GROJ1008-57 dCoe et al.ll2007l) . iReid ilOOH) presents an up to 
date version of the Por6-EW(Ha) diagram containing all the known 
Galactic and Magellanic Be/X-ray binaries where the orbital peri- 
ods are known. The measured Ho- value is assumed to be represen- 
tative of a circumstellar disk at maximum size. The measured val- 
ues for SXP700 are not consistent with this plot. Howev er, we also 
note that the values for GRO J1008-57 jCoe et alj|2007h where the 
circumstellar disk is in a stable state are also not consistent with 
the plot. In order to properly place SXP700 on this diagram we 
would need many more observations at varying times to evaluate 
the changes that take place in the circumstellar disk. 



4.3 SXP348 



This source was first detected by BeppoSAX in 1998 jlsrael et al] 
1998) with a pulse period of 345.2 ± 0. 1 s. After its discovery a pre- 
vious ASCA observation from 1996 was found to have the same 
source present at a slightly slower spin period of 348.9 ± 0.3 s 
jYokogawa & Kovamall99a) . Several later observations reveal that 
SXP348 has continued its spin up at an almost constant rate, detec- 
tions by Chandra in 1999 of 343.5 ± 0.3 s pulsations jlsrael et al] 
2000 ) and then XMM-Ne wton observations in 2000 at 341.21 ±0.5 s 
aHaberl & PietschI l2004l) . An XMM-Newton observa tion in 2001 
showed a slight spin down of the pulsar to 341 .7±0.4 s jSasaki et al.l 
l2003l) . The recent Chandra observation at 339.56 ± 0.58 s supports 
this trend of cont inued spin-up. Figure [9] shows how SXP348 has 
been spinning up jMcGowan et alj2007l) over the last 10 years. The 
recent Chandra observation suggests that the constant spin up rate 
has recently slowed. 

It appears that SXP348 has transitioned at some point into a 
different state where the spin period is now changing much more 
slowly. We have divided the observations into two epochs, with 
the transition point being the average of the two XMM-Newton 
observations that fall around MJD 52000. Epoch one yields Pi = 
(5.1 ± 0.4) X 10~^ ss~', which is consistant with the value found in 
iHaberl & PietschI ( l2004h . this implies L, i = {4.5i 



t0.4)xl0" ergs"'. 
- (1.2 ± 0.5) X 10"^ ss"', which implies 
10'^ ergs"'. We have derived an estimate 



Epoch two yields P2 
L,2 = (1.1 ± 0.4) X 
on the magnetic field strength using Eq. (6.24) of Frank et^ 



(20021). The luminosity value of epoch one yields a field strength 
of Bi - (4.3 ± 1.6) X 10'^ G. The field strength derived from epoch 
two is consistent with this value but has significantly larger errors. 
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distribution and hence becomes the latest spectral type known for 
a Be/X-ray binary. Currently there is not enough evidence to sug- 
gest that there is a different population in the Wing compared to the 
Bar. The work by McBride et al. (2007, in preparation) will shed 
some light on the spectral distribution of Be/X-ray binaries in the 
SMC. From the Ho- monitoring it would appear that SXP700 has a 
stable circumstellar disk, unlike the three other sources where vari- 
ations in the profile would suggest a more dynamic circumstellar 
disk. This is likely to be due to the differences in the length of the 
orbital periods and hence the influence of the neutron star on the 
circ umstellar disks geometry . 

iMcGowan et alj ( |2007|) suggest that the Wing pulsars could 
be coming from a different population to the Bar pulsars due to the 
pulsars exhibiting harder X-ray spectra, however, our findings are 
unable to clarify this matter any further. 



Figure 9. Spin period of SXP348 over the past 10 years. 



The change in luminosity is as expected and would indicate that 
SXP348 has had significant changes to its accretion rate, possibly 
implying that the pulsar is nearing a spin period where the accre- 
tion flow will be cut off due to the propeller effect caused by the 
magnetosphere. The estimated value of the magnetic field is higher 
than expected, this is probably a reflection of the estimation method 
used when only a handful of points are known. 

The classification of B0-B0.5 agrees with the spectral type of 
09-Bl (V-III) determined by Hughes & Smith ( 1994), and places 
this source in the middle of the Galactic spectral distribution. The 
variation of the Ho- profile shows that the circumstellar disk is vari- 
able on time scales of around a year, this is twice t he expected or - 
bital period as predicted from the Corbet diagram jCorbetlll986h . 
Since the state of the circumstellar disk is intricately linked to the 
spin period changes we would require many more observations to 
fully understand the dynamics of the system. 

4.4 SXP65.8 

Observations of a varying Ho- emission line and a classification 
of B1-B1.5 confirm SXP65.8 as a Be/X-ray binary. Since the Ho- 
emission is arising from the circumstellar disk we deduce that the 
reduction in equivalent width is due to the circumstellar disk reduc- 
ing in size over the course of a few months. 

The phase resolved spectroscopy would appear to suggest that 
as the X-ray beam passes through the line of sight the X-ray emis- 
sion becomes harder. This would indicate that the soft emission 
is originating in a different location to the magnetically collimated 
beam and is probably more representative of thermal emission from 
either the surface of the neutron star or the accretion disk. 



5 CONCLUSIONS 

Four pulsars were detected in the SMC Chandra wing survey, 
SXPlOl, SXP700, SXP348 and SXP65.8. Follow up optical obser- 
vations have enabled spectroscopic classifications of all the coun- 
terparts. All the counterparts are classified within the range B0-B5. 
Red spectra covering the Ho' atomic line has revealed that all the 
sources have at some point in time exhibited Ha emission, result- 
ing in their classification as emission line stars. Three of the Be/X- 
ray binaries fall wi thin the known Ga lactic spectral distribution for 
Be/X-ray binaries l lNeguerueliJll998l) . SXPlOl fafls outside of this 
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